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Abstract

A common result from altering several fundamental assumptions of the neoclassical
investment model with convex adjustment costs is that investment may occur in lumpy
episodes. This paper takes a step back and asks "How lumpy is investment ?" We answer
this question by documenting the distributions of investment and capital adjustment for a
sample of over 33,000 manufacturing plants drawn from over 400 four-digit industries. We
find that many plants do undergo large investment episodes, however, there is tremendous
variation across plants in their capital accumulation patterns. This paper explores how the
variation in capital accumulation patterns vary by observable plant and firm characteristics,
and how large investment episodes at the plant level transmit into fluctuations in aggregate
investment.

Keywords: Investment, Capital, Spikes

WemgmtefulforoommmﬁﬁomRicardoCabaﬂm,IohnHalﬁwmger,mdminar
participants from the University of Maryland, Washington University, and the Census
Bureau. Wepa:ﬁmhﬂywishmankkobenMcGucldnforpmvidingthcmmesmsary
to carry out this project. Any opinions, findings, or conclusions expressed in this paper are
those of the authors and do not necessarily reflect the views of the Census Burean.




1. Introduction

Accurately modeling new capital investment at the micro and macro levels has proven
difficult. In standard neoclassical models of investment (such as Eisner and Strotz 1963) and
Hayashi 1982), assumptions, such as convex adjustment costs and reversibility, dictate that
firms (representative agents) continuously and smoothly adjust their capital stock over time.
While theoretically tractable, these models generally fail to adequately explain investment
fluctuations (Abel and Blanchard 1986). The disappointing empirical performance of these
mvesunmnmodelshaseausedecommistsmm-mminethepotenﬁaﬂyunmﬁsﬁc
assumptions of convex adjustment costs and reversibility. For instance, Rothschild (1971),
and more recently Bertola and Caballero (1990), argue that adjustment costs faced by plants
and firms possess non-convexities for a variety of reasons'. Another potential source of
nonconvexity arises when capital goods are irreversible, as reviewed in Dixit (1992) and

Pindyck (1991). The solutions to models which assume non-convex adjustment costs differ

markedlyfromthesoluﬁonsdeﬁvedfmmstandardneoclassimlmwels. Instead of firms
smoothly adjusting their capital over time, models that explicitly incorporate nonconvexities
possess solutions where firms occasionally adjust their capital in discrete bursts when the
capital stock falls (rises) below (above) a threshold level’.

While a growing number of studies suggest that capital adjustments may occur in
lumpyepisodes,ﬂwsuppoxﬁnganpirimlremrchismomlimited’. Also, whether or not

1 Mwmesofspeaﬂatedmmomeﬁﬁesinthcoostofmpimladjusunentinclnde
imﬂngmm,ﬁemﬁofmeequ@mﬂn,commwimdimlpﬁon,md
installation costs.

2 Other underlying assumptions in neoclassical models are that capital is homogeneous
and capital depreciates geometrically. Feldstein and Rothschild (1974) discuss the unrealistic
mmmofhomogmmsmpimlandgeomaﬂcdemy,andhowchangingtheseampﬁomcan
result in lumpy investment patterns.

3 The literature which examines labor adjustments is more mature. The importance of
large proportional adjustments in employment at the establishment level has been documented
by Hamermesh (1989, 1993), and by Davis and Haltiwanger (1992).




capital adjustment is "smooth” or "huﬁpy' depends, in part, upon the level of aggregation
and frequency of the data, and whether new investment is going towards expansion,
replacement, o factor substitution. The few empirical investment studies that explicitly or
implicitly incorporate non-convexities tend to focus on replacement investment. Examples
include Rust (1988) with bus engines, and, for larger units of analysis, Cooper and
Haltiwanger (1993) with automobile assembly plant retoolings.

Unfortunately, the handful of studies that incorporate or test for non-convexities cover
only a small portion of manufacturing investment. 'l'hispapertnkesastepbackandsimply.
asks to what extent is investment lumpy by documenting the distributions of investment and
capital adjustment for a sample of over 33,000 manufacturing plants drawn from over 400
four-digit industries. This sample is composed of a balanced panel of 13,702 plants that
have contimious data from 1973 to 1988. The plants in the balanced panel account for 58%
of aggregate investment and 85% of sample investment. The remaining portion of our
sample, the unbalanced panel, contains over 19,000 plants, and allows us to focus on the
investment patterns of plants that are exiting and entering. It is not our inteation to
specifically test one investment mode] against another in this paper. Instead, the goal of this
paper is to present a series of previously unknown stylized facts that will serve as
benchmarks for investment models.

We first examine the patterns of capital accumulation within plants and focus on the
degree to which capital adjustment and investment are lumpy. Although many plants do
experience a lumpy investment episode, there is tremendous variance across plants in the
degree of their lumpiness. We focus on the relationship between the lumpiness of investment
and observable plant characteristics, such as size, industry, and age. We find:

(1) Many plants occasionally alter their capital stocks in lumpy fashions. Of the
plants in the balanced panel, over half experience a capital adjustment of at least 37%
in one year, and by over 50% in two consecutive years.




(2) While many manufacturing plants do experience episodes of intense investment

activity, 80% of the plants in a given year change their net capital stock by less than

10%. These relatively small changes account for 45% of total sample investment.

(3) With respect to plant characteristics, smaller plants, younger plants and high

output growth plants have lumpier investment patterns. Additionally, plants that

undergo an organizational structure change or switch industries also show more
discrete capital adjustments.

Although investment is conducted at a the establishment level, firm level variables
enter into plant level investment decision, as suggested in the large literature on the role of
financing constraints. Therefore, although investment may be relatively volatile at the
establishment level, investment may be smoothed at the firm level. We find:

(4) Plant-level capital accumulation patterns are considerably more lumpy than line-of-
business, firm-level, or industry-level capital accumulation patterns.

Whether or not investment is lnmpy also influences models of aggregate investment.
Traditionally, neoclassical models of investment rely on a representative agent framework
where convex adjustment costs smooth investment over time. However, increasing atteation
has recently been placed on unraveling aggregate fluctuations by examining the distribution
of micro changes (e.g., Blanchard and Diamond 1990, Caballero and Engle 1993, and Davis
and Haltiwanger 1992.) Bertola and Caballero (1992), examine a collection of firms making
investment decisions in an uncertain environment and investment is irreversible. In this
model, firms do not continually invest but invest in lumps, so in this model, aggregate
fluctuations in investment is partially attributable to changing proportions of the population
undergoing large investment episodes. Is this the correct way in which to view changes in

aggregate investment? We then examine how plant level changes in capital and investment




transmit in aggregate fluctuations in investment, focusing particularly on the role of
investment spikes. We find:
(5) Large investment projects in a small number of plants greatly impact aggregate
investment. For our sample, 25% of expenditures on new equipment and structures
go into plants that are increasing their real capital stock by more than 30%.
However, these plants make up only 6% of the sample. For the population as a

whole, investment is highly skewed. In 1977 and 1987 the 500 largest investment
projects accounted for 35.7 and 32.1 percent of total manufacturing investment.

(6) Periods of large aggregate investment are due, in part, to changes in the frequency

of plants undergoing large investment episodes, though not necessarily large

percentage changes in capital adjustments.

The paper proceeds as follows. Section IT describes the dataset used in this study,
along with summary statistics describing the volatility of capital adjustment. In section I,
we focus our attention on the within plant patterns of capital adjustment. This section also
examines how plantlihdum'y characteristics influence plant-level capital adjustment patterns.
Section IV discusses the correlation between large capital adjustments and fluctuations in

aggregate investment. Section V concludes and describes our future research.

II. Data

The empirical growth rate distribution for capital is constructed from panel data on
manufacturing plants for the period 1972-88. The establishment-level data are drawn from
the Longitudinal Research Database (LRD), which is maintained at the U.S. Census Bureau,
and contains establishment-level production data from the Annual Survey of Manufacturers
(ASM). In this section we describe the sample design, basic attributes of the sample, and

variable construction.




Sample Design

Thesampleofplantsutﬂizedinthissmdyisaq)ecialsubsetofplantsﬁ'omthel.RD.
Plants must meet two requirements to be included in the sample. First, all plants must have
a2 minimum of four years of continuous data, permitting the.constfruction of a minimum of
three capital growth rates for each plant. Given that the main focus of this paper is to
describe within-plant variation in capital adjustment, having multi-year contiguous data is
imperative. Second, there must be no perforations or "holes” in a plant’s data. This second
reqdmmeﬂmmmatwecanoonsuuaaphalaocksforphmsusingtheperpeuml
inventory method. Note that the sample selection criteria do not require a balanced panel,
and our sample contains a large number of births and deaths.

TMmulﬁngsampleisadmiuedlyqlﬁteseleauhisbhsedwwudsh:gerandmom
successful manufacturing establishments. Smaller plants and plants with short lifespans will
be systematically excluded from our sample. Table 1 presents the number and the average
sizeofplantsinthesampledisaggmgaxedbylmgthofﬁmeinmemneL The sample
contains 33,125 plants. Roughly, a third of the plants in the sample have lifespans of 6 years
orless,aquaﬂnrhavelifespansof?tolﬁym,anda]itﬂcoverm% span the entire
period. The third column of Table 1 indicates that as the length of time in the panel
increases plant size, measured as employment, increases. In comparison to the population
these plants are quite large’, The average plant in the mamufacturing population employed
58.2 workers in 1977 as opposed to 452.1 in our sample.

4 ThehrgeplaﬂsizeispmﬁnHyduetotheselecﬁoncriteﬁausedinthcmdyand
partially due to the ASM selection process. The ASM over samples large establishments and
our subset uses the ASM as its universe.



Even though our sample is comprised of 33,125 plants out of the universe of
approximately 900,000+ plants, the sample accounts for a substantial proportion of
investment, shipments and employment for the manufacturing sector. Table 2 provides data
on the proportion of investment, employment and shipments covered by our sample broken
out by year from 1973-88. The top number in each row represents perceat coverage of the
entire sample in a year. The second number represents coverage for the 13,702 plants that
appear in every year. The first column lists the year and the second through fourth columns
give the proportion of total investment, total employment, and total shipments covered by our
sample. The fifth column reports the average plant size measured in employment.

The plants in our sample account for 67%-75% qfthetotalmam.lfacturing investment
expenditures, 46%-59% of total employment, and 64 %-70% of shipments’. A pattern in the
data, particularly for employment, is that coverage is declining over time. This is due, in
part, to the fact that new plants are not added to the panel in 1986-88, since they do not meet
the 4-year existence requirement. Additionally, the ASM undersampled births in the early-
to-mid eighties, and this lowers the number of new plants entering the sample in the years
1980-85. Examining the lower number in each row (the coverage for plants that appear
every year), two points are worth noting. While the continuous plants make up only a little
over 40% of the number of plants in our sample, they account for over 80% of the total
sample investment and roughly 75% of employment and cutput. Second, the pattern of

declining employment and shipments coverage is also present in this subset of plants.

3 ‘There is a positive correlation between plant size and capital intensity. Therefore the
sample, which is biased towards large establishments, covers a greater percentage of
investment than employment.



The relatively high coverage rate is indicative of the fact that the plants in the sample
are relatively large. The final column of Table 2 shows the average plant size for each year.
In general, the average plant size stays roughly between 400-500 employees per year and
tracks the overall business cycle. In years of expansion average employment is generally

increasing while in recession years it is decreasing.

Capital Measurement
In order to measure plant-level capital growth rates, a capital series must be
developed for each plant. In this paper we use the perpetual inventory method. The capital

stock in period t for plant i, K;,, is defined as

m K, =K, ,(1-8) + I,

where & represents the depreciation rate and I, is current period investment. The rate of
depreciation, 5, is estimated for each three-digit industry by imbedding the depreciation
parameter within a production function. The parameters of the production fonction are
estimated simultaneously with the parameters of the investment stream (se¢ Doms 1994 for
details).

Utilizing the above measure for the capital stock we construct a net capital growth
rates analagously to the employment growth rates of Davis and Haltiwanger (1992). The

growth rate of capital for plant i at time t is computed as



1, -3K,,

2 K. =
2) GK,, 5K, +K,)

where GK;, lies in the interval [-25,2]. Notc,thisdeﬂnitionﬁaccuratefor continuing plants
and newly opened plants. It is not appropriate for closing plants since it does not include a
retirement’s term. For the analysis which follows we do not include either the growth rate
ofplantsintheyeartheyaxécpenedorinthéyeartheymclosed‘.

Figure 1 presents two distributions, the density of GK;, and the density of GK;,
weighted by I,,. The figure shows that 55.1% of plants in a year increase their capital stock
by less than 2.5%, while 10% of plant year observations increase their capital stock by more
than 20%. However, the few plants that do undergo large changes contribute significantly to
the level of aggregate investment. The weighted distribution shows that 25% of investment
is going to plants increasing their capital stock by more than 30%. At the other end of the
distribution, 19.2% of investment is occurring in plants changing their capital stock by less
than 2.5%.

II1. Plant-Level Capital Accumulation Patterns .

In this section we examine the patterns of plant-level investment and capital growth,
focusing especially on those periods when plants undergo large changes to their capital
stocks. The section presents some basic statistics on capital growth rate and investment

¢ Unfortunately, the above expression ignores early retirements in the construction of the
capital stock. The LRD does contain some data on retirements but these data appear to
contain significant errors. The constructed growth rate is therefore a relative measure of
new capital accumulation net of depreciation.



spikw,mdexamineshowthcseepisodesvaryacmssmdustryandvarybyplam
characteristics such as plant size and age.

Foreachplantwit.h17yearsofdata,wcranktheircapita1gmwthratmfromhighest
to lowest, so that their maximum growth rate is rank 1, and their lowest growth rate is rank
16. Throughout this paper, the rank 1 growth rate is denoted by MAXGK. Figure 2a
pmmmﬂmemeamandmediansofmmemnkedgmwthmtes,mtheﬁrstsetofbmsm
figure 2a shows the mean and median MAXGK. The next set of bars shows the means and
medians of the secondary largest growth rates, and so on. These bars indicate that the mean
MAXGK slightly exceeds 46%, while the median is 36%. The means and medians drop off
significantly after rank 1. Figure 2a illustrates that plants with 17 years of data experience,
onaverage,afewpeﬂodsofintenseeapitalgmwth,andmanypeﬁodsof:ﬂaﬁvelymau
capital adjustment: of the 16 capital growth rate ranks, 12 possess means and medians
between -10% and +10%.

Besidesthegmwthmeofthccapimlumk,wemalsowmdwithepisodesof
investment that account for a large share of the plant’s investments over time. Figure 2b
plotsthemeanpmporﬁonoftotall&ywinvemnemmatwmmheachyw. For instance,
thehﬂmoamrrcpmmmamcavmephmmmaon&yminvemnmt@isode
that accounts for 24.5% of its total real investment spending over the 16 year interval. The
secondarygmwthrateaccmntsforu.?%,andthethirdhighmtaccmmtsforlO.Q%of
investment. This implies that, on average, half of a plant’s total investment over the 1973-88
period, is performed in three annual investment episodes. An important point is that while a
ﬂgniﬁammrﬁmofmvmmmtmmmmpyepm,pm'ummvmmwmypeﬁod.




To give a flavor of the variability that occurs across industries, Appendix‘A preseats
Figures 2a and 2b for 18 different four-digit sectors’. With respect to the growth rate
distribution (Figures A.1), Womens and Misses Dresses (2335), Computers (3573), and
Semiconductors (3674) have mean MAXGK’s in excess of 70 percent. Low growth
industries are Steel Blast Furnaces (3312), Petroleum Refining (2911), and Printing (2751).
In terms of the investment distribution, Womens and Misses Dresses (2335), Industrial Gases
(2813), and Hydraulic Cement (3241) have particularly large investment spikes. In fact
Industrial Gases has the largest investment spike in the balanced panel. If one cxamines the
maximum investment spike for the set of 324 industries where there are ten or more plants in
the balanced panel (Figures A.2), ten percent have maximum investment spikes under .20, 80
percent have maximum investment spikes betweea .20 and .30, and the remaining 10 percent
have maximum investment spikes exceeding .30.

In addition to cross-industry differences, we also present capital accumulation patterns
disaggregated by plant size.' Figures A.3 and A.4 present the capital growth rate ranks and
mean investment share ranks disaggregated into plant size quintiles. The basic result is that
smaﬂcrphnEhavehigharmximumgmwthMeandhrgermaximummvemmtahamsmm
the largest plants. That is, as plant size increases, investment expenditures become
smoother. We explore the relationship between size and the lumpiness of investment in more
detail below.

Statistics for Other Data Sampl

"fn this analysis, we only consider industries with ten or more plants. This was done to
meet data confidentiality requirements.

* In previous empirical work by Dunne, Roberts and Samuelson (1989) and Bvans (1987)
whichmmin&sﬁxmgmwth,phmﬁzeisfmmdmbeanimpommwermmateofphnt
growth,
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The plants that span our sample period account for 85% of total sample investment,
however, they make up only 40.1% of the 33,125 sample. We replicate Figures 2a and 2b
using plants that have seven years of data’. These results are shown in Figures 3a and 3b.
The mean MAXGK for this group of plants is 32%, which is much less than the comparable
figure for the 17 year sample. Part of the reason for the lower figure is that the 7 year
group contains births and deaths: the mean MAXGK for births is 34%, while deaths have a
mean of 26%. The maximum investment episode (Figure 3b) accounts for 46% of
investment over the seven years of existence.?

In constructing figures 2a and 3a, we have imposed a calendar year interval when
measuring the capital growth rates and investment shares. However, as a result of our data
being collected on an annual level, some projects that are completed within a 12 month
period will be divided across consecutive calendar years. Therefore, MAXGK is a lower
bound on the maximum capital adjustment that occurs within a 12 month period. We
construct an upper bound on the maximum capital 12 month capital adjustment by obtaining
the maximum consecutive two year growth rate, MAX2GK. Table 3 reports the frequency
distribution of the MAXGK and MAX2GK by length in panel. The three panel length
groups are 4-7 years, 8-16 years, and 17 years. The last columns give the distributions for
the total sample. Table 3 indicates that short-lived plants have relatively low MAXGK’s and
MAX2GK’s.!! For instance, 56.5% of plants with 4-7 years of data have MAXGK’s less

9 We chose this group of plants only to illustrate that some of the general trends in
figures 2a and 2b are not solely due to sample selection.

10 Ag the length of time in panel decreases, the share of total investment occurring in
any period will have a tendency to increase. For plants with 16 investment periods, a
uniform distribution of investment would have 6.25% of investment in each year, while a 6
year distribution would have 16.6%.

11 Recall that the capital growth rate in the start-up year or in the year of closing is not
included in the calculations. .
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than .20, whereas for the plants in the panel for 8-16 years and 17 years, the proportion of
plants with MAXGK's less than .20 is 32.1% and 22.8%, respectively.

It is clear that in our sample of plants the distribution of investment is skewed with a
small number of plants accounting for a relatively large share. This is also true in the
population as a whole. Table 4 gives the share of total investment for 1977 and 1987
accounted for by the top 100 investing plants, top 500 investing plants, top 1,000 investing
plants, etc. Also given on Table 4 are the analogous figures for output, employment, and
capital stock ranked by greatest output producing, highest employment and largest capital
stock plants, respectively. The overall message is relatively clear. A small number of plants
account for a large fraction of investment, output, employment, and capital stock. 32.1
percent of investment occurs in the top 500 investing plants in 1987 and 35.7 percent in
1977. Note that 500 plants make up only 0.14 percent of the eatire population. A similar
pattern is found in the output, employment, and capital stock columns, however, employment
and, to a lesser extent, outputisnotnearlyasoonceqmtedasinvesunun.

Up to this point the unit of observation has been the plant, however, there are many
arguments which suggest that the investment decisions of a plant are made at the divisional
or firm level. In this section, we construct the investment distribution at the two-digit
industry line-of-business level, the firm level, and the four-digit industry level. The sample
used to construct the plant, line of business and firm, statistics is a subset of the balanced
panel. First, only those plants that remain with a single firm for at least 14 out of the 16
years are used. Second, only those plants that belong to firms with at least three plants are
kept. Given these requirements, only 5,822 plants out of 13,702 plants in the balanced panel
remain, representing 648 firms and 955 lines of business. Note, however, that these plants
make up 72.5% of the balanced panel investment.

12




ThebasicstoryinFigure4isthatthchigherthelevelofaggregaﬁon,thesmootheris
the investment distribution. Examining the height of largest investment spike episode, the
mmnplantmaximmninvesﬂnentshamis%%. ThisisquiteclosctothatreportedinFigurc
2b for the entire balanced sample. The mean maximum plant investment share drops to
17.1% at the line-of-business level and to 15.8% at the firm level, Using data on aggregate
four-digit level investment, the primary investment share averages about 11.5% of total
investment over the entire seventeen year period. The bottom-line is that firm-level

investment patterns appear to be considerably smoother than plant-level investment patterns.

Ind { Plant CI . e
Theanalysis,mfar,amwswnsidembleacmsspMVaﬂaﬁonincapimlgmwthmes,
mggesﬁngwmephnﬁexpaimerdaﬁvelysmoahchangesmthehmphalstmhwhﬂc
otherplamsundergosinblcjumpsinthei:capimlstocks. This section examines how capital
awumuhﬁonpaumsvarywithobmvablcphmchanctedsﬁm
Modelﬁoprgrowthpmdiammeshmﬂdbesymaﬁcdifferminphntgmwth
within an industry (see Jovanovic l982,andPakesandE:icml989).-Empiﬁm]1y,this
plant-level heterogeneity has been documented in studies by Davis and Haltiwanger (1992),
Dunnc,RobertsandSamuelson(l989),andPalwsandEricson(l989). A basic result of this
research is that plant growth varies by identifiable plant-level characteristics, in particular,

plant size and age.
Toexaminetherelaﬁonshipbetweenplantchamcteﬁsﬁcs and the capital accumulation
process, wemnaseﬁcsofdescripﬁvemgmssiomwhhmmresofcapimlmmpinessasthe

pmvidemomdemﬂonwhichkindsofphntsmcpeﬁmlumpycapimlaowmuhﬁm
episodes. Our plant-level measures of capital lumpiness are the standard deviation of capital
growth (STDGK), the maximum single year capital growth rate (MAXGK), and the two-year
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growth rate (MAX2GK.) Table 5 reports the regression results for the unbalanced sample of
plants. The regressions include controls for both plant and firm size. Plant size is modeled
using a set of dummy variables representing plant-size quintiles. The quintiles go from
smallest to largest with the quintile representing the largest plants omitted. The firm size
variables are similarly defined. Two variables are included to capture potential changes in
organizational structure and production mix that may affect capital accumulation pattemns.
The first variable is a dummy variable indicating whether a plant has changed ownership
over it’s panel lifetime. The second variable is a dummy variable which indicates whether
the plant changes the two-digit industry in which the plant operates in over its panel lifetime.
We control for the length of time in the panel and plant age with a set of cohort dummies
and two age dummies. The cohort variables control for both time of entry and time of exit.
Remember, that table 3 indicated that MAXGK and MAX2GK generally increased as panel
length increased. Two age variables are included to capture differences in the age of plants
that enter the panel in 1972. Finally, the regressions are all run with four-digit industry
dummy variables. To conserve on space, the industry coefficients are not reported in the
tables.

Generally, the three models produce qualitatively similar stories for the three
measures of capital lumpiness. For the unbalanced panel (see Table 5), the degree of capital
growth variance is a decreasing function of plant size, i.e. large plants being less variable.
This is consistent with models of firm dynamics where the variance in growth, as measured
by output or employment, is a decreasing function of plant size. With respect to firm size,
the variation in capital generally decreases as gize increases; however, the pattern is not
nearly as monotonic nor large as in the case of plant size. The two variables which capture
change in ownership and change in industry indicate that plants which undergo ownership
changes or switch industries experience higher volatility in their capital growth rate and have
larger than average capital growth rate spikes. Thi$ is consistent with the view that
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organizational and industry changes lead to changes in plant-level operations which affect
capital accumulation decisions.
Themwandexitoohonvaﬁablesindicatethalforplantsenteﬁnginthesameperiod
Jonger-lived plants have larger spikes and higher variance than short-lived plants. Thus,
plants which ultimately close down have smaller capital growth spikes and lower variance.
Note, howevm',thcﬁnalreﬁmmentofthecapimlstockisnotinchdedintbeundeﬂying
data. TheWoagevaﬁablﬁindimtethaIplaﬂwhicheﬁswdile&andl%7hadon
avcmgelowcrvaﬁanwandsmaﬂereapimlgmwthq)ikesmanphnumﬁnginlmor
later. This is also consistent with previous studies of plant growth and age.
Table6r=portsthemgrwsimmﬂtsfmthebalancedpanel. The main differences
betweenTabIeSandTabIeGmthatTableGdropstheeohonvaﬂables(whichatenot
televantforthcbalanoedpanel)andweinclndeasetofvaﬁablestomeasureplantmiput
growth over the 16 year period. The growth variables are included to examine whether or
nothighouqmtgrowthplantshaveatmdwcytoalsolnvehighcapitalgmwth-variance.
Thengrowﬂlmesamwnsuuaedusingthcgmwthinrealmnputﬁomlmwl%s.
Myamhmmdedasasdofﬁvedummyvaﬁableuﬁththehighestanpmgmwthgrwp
omitted. Wﬁhrespeawphmﬂm,ﬂmﬁze,inmmyswhching,orgmﬁnﬁomlchange,and
plantage,theremhsarequalitaﬁvelysimﬂartothoscrq)ortedinTableS. The growth rate
vaﬁablesindicatcmmhwwqmgmwthphmshavehwermpimlgmwthvaﬁmm
lower capital growth spikes.
Tlnmgmssimscoﬁﬁcimemvidebasicevidmceofhowmpimlgmwthvaﬁeswith
observable plant characteristics. However, on the whole, the plant and industry
cmaeﬁsﬁcsmq)hinmhﬁvdyMeofwﬂaﬁoninmcmMarddﬂhﬁonofcapimlgmwm
or in the size of capital growth rate spikes. For the unbalanced panel, the amount of
variation explained by plant and industry controls is betweea 15-20%. For the balanced
pancl,ambmnﬁauymomhomogmsgmpofphms,mcphmmmdumywﬁablu _
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account for 20-40% of the variation. In general this lines up with the results reported by
Davis and Haltiwanger (1992) who report R”'s of similar magnitudes from analagous
employment growth regressions.

IV. Aggregate Investment Fluctuations

Thisp@erhassofa:fowsedonthcpwdominmceofhrgecapimladjusnnmtsin
plantsandthevariaﬁonacrossplantsintbcircapitaladjusunentpauerns. Increasing attention
hasmoenﬂybempheedmunmveﬁngaggmgmeﬂnmﬁombymmimngthedisuibuﬁm
ofmicrochangee(e.g.,BlanchardandDiamoMlm,CaballcmandBngle 1993, and Davis
and Haltiwanger 1992). In this section, we present some basic summary statistics on the
relationship between aggregate fluctuations in investment, the uniformity of changes in
capital, and the frequency of large capital adjustments.

Using the balanced panel, which anmually accounts for approximately 58% of
aggrcgateinkunem,wewmpuwmeﬁequcnqofphmsmathavetheirMAXGKmd
MAXI in a given year. FigumSpresenuthmefreqlmiesinaddﬂiontoaggmgatcreal
investment over 1973-88. There are several items to note. The first is that the correlation
between MAXT and aggregate investment is .59, which is significant at the 99% level. The
correlation between MAXGK and aggregate investment, however, is not statistically
dglﬁﬁanTheisdlwpﬂmarﬂymﬂwhighfrequmyofMAXGK’smlmmwﬂwhich
is not reflected in the aggregate data. Currently, we are searching for plausible explanations
of this phenomenon.

FigueSmnvcysmataggmgawﬂucumﬁomamoomlatedwiththefrequmyof
plants undergoing large investment episodes. An alternative way to summarize the
mhﬁmshipbﬂwemaggrcgﬂcinve&mmtmdhmpyepisodesismifinvemmismom
skewed or concentrated in high investment periods? To address this issue, we compute the
hntﬁndammdexfminvesunuuinmhyearandplmmismﬂongwithmeaggmgnn
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investment series for the period 1973-88 in Figure 6. In general, the series move together.
The correlation between the two series is .450 and is significant at the 90% level. An
interesting feature to note in figure 6 is that in 1980 and 1988 there are periods of relatively
high aggregate investment in which there are relatively low herfindahls. However, the two
highest herfindahls are in the two years with the highest aggregate investment.

V. Conclusion
Theobjecﬁveofﬂﬂsmperiswpmentaseﬁﬂofstyﬁmdfadsconcmningthc
cepitalacwmnﬂaﬁonpanemsforahrgemofmnufacmdDgPM. Although this paper is

juaaﬁmmpmexaminingpM-leveIMVesunmtbehaﬁor,mefaMpmtedhemm
quhestﬁldngandmiseahostofisw&tobeaddmsedinfuﬂueremrch. In this paper we
haveshownmatmmymamrfacmﬁngphnmdoinwdalterthdrcapimlaochinlumpy
fashions,andﬂmehrgeadjustmenmdoawmntforasigniﬁmmmnofaphm'stoml
capital expenditures and aggregate investment. However, we also find tremendous
haemgmhyinthecaphxlmmnhﬁmpammssphm,ﬁndingmmcdegmeof
lumpiness of capital adjustment varies considerably across plants. These facts certainly raise
mequesﬁmofwhethetmdiﬁonalmpmmmﬁveagmtmodchbasedonmexcomof
adjusununmadequatemoughmexamineﬂwdymmicsofinvemnentmdcaphﬂ
accumulation.
Asapmviewmmummhunduway,ﬁgure7pmeemsthemmgmwthmesof
capital,hbor,mdm;q)utove:aﬁveyearpeﬁods\mwndingMAXGK. There are several
items to note, including plant performance during the year of maximum capital adjustment
and post spike performance. Arguments commonly posited for convex adjustment costs state
thalammupeﬁodwqmtisimrmsinglydimqmdwhmmpimlisadjusted. Figure 7 shows
thatinthepeﬁodofmnximumcapitaladjusnnentinplants,thatonaverage,laborincmses
by4.8%andouqmincmscsby5.9%. These results qualitatively hold when dissaggregated

17



by industry. To more formally test the relationship between capital adjustmeﬁt and output
andlaborgrowthrates,wearcestimaﬁngthcintemaladjusunentoostsbymeasuﬂngthe
degree to which current period output is disrupted by current period investment, and testing
whether disruption is indeed convex with respect to new investment.

Another issue figure 7 raises is the role that new investment plays in production.
New investment can go towards capacity expansion, machine replacement, and/or factor
substitution. Thesta:kmmhinﬁgun?isthuonaverage,plantsdonotexpeﬁencelarge
pmducﬁvityorwt;mtincreueeupmtwoyeanaﬂc:peﬂodsofsigniﬁcamwpim
adjustment. However,thzvaﬁamthaanoundthomeanvalmsmewntedinﬁgun?are
mbs!nnﬁal,hxdicaﬁngagainthntthcreisahm@ousammmdhaemgmcitymmc
investment aims of plants.
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Average

Production

| 1974

| 1975

1976
i 1977

! 1978

| 1979

| 1980

1981

1986

| 1987

Year Number of Investment
Plants Coverage (%) Coverage (%) Coverage (%) Employment
1973 24197 71.9 58.6 69.2 456.83
' 13702 58.6 43.5 53.0 598.7

70.2
53.8

68.7
2.1

69.7
54.0

67.9
53.1

67.7
53.2

68.4
53.7

59.2
44.0

58.8
44.0

58.3
44.2

56.5
43.5

55.9
43.3

55.3
43.2

441.9
600.4

383.2
551.8

418.2
570.3

452.1
588.2

483.8
608.1

507.9
622.2

21597 751 54.5 67.6 486.7
13702 60.5 42.7 52.7 601.9
21042 753 54.2 67.1 486.9
13702 60.5 43.2 52.6 595.8

70.1
571.7
75.8
61.1

70.0
573

.7

64.4
50.3

66.0
51.1

67.4
51.8

65.7

453.6
5487

451.4
5347

470.6
558.7

448.3
547.6
423.0
530.5

421.2
520.7

434.4
514.3

52.2
42.2

521
419

353.0
42.8

2.7

50.1
64.6
48.3

64.2

58.2
67.2
56.7

13702

19963
13702

42.5

48.1
40.2

20




Table 3. MAXGK and MAX2GK Frequency Distributions by Length in Panel

Length In Panel
7 8-16 17
Growth Rate MAX MAX2 MAX MAX2 MAX MAX2 MAX MAX2
<0 444 444 24 24 000 000 167 167 |
3753 3345 1104 546 279 1915 1575 |
dto.2 1448 1313 1720 1220 1742 871 1629  11.06
2t0.3 9.29 8.88 13.36 12.35 17.75 13.47 13.85 11.55 |

4 6.56 6.1 10.70 10.01 14.44 13.09 10.77 10,13

5 4.76 4.93 8.35 8.66 11.33 11.61 8.30 8.54

6 3. 4.50 6.79 7.08 8.79 10.64 6.54 7.64
b6t0.7 4.56 3.80 5.36 6.10 6.18 8.53 5.42 6.29 |

8

9

1

7to 2.91 2.98 3.78 5.17 4.67 679 384 5.05 |
8to. 1.87 2.32 3.15 3.82 3.41 55 279 3.98
Sto. 1.65 2.46 2.43 372 2.47 4.05 2.16 3.40
> 1.0 817 1235 1335  19.62 807 1483 922 14.93

| Mean of GK 31 40 49 .62 A6 61 41 .53

51 . . . 43
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| Top 100 plants

} Top 500 plants

Top 1000 plants
Topmphnu
Topl(lmlalantl
Top 25000 plants
Topsmplnm

Employment Output
.16204 06344 .10077 11888
32154 .14057 .23031 .28882
41268 .18982 .30819 38497
64769 36233 52581 60963
74987 47020 62994 70622
.B6863 .64043 17045 .83002
93531 T7445 .86831 .90761
1977 Census of Manufactures: 350,648 plants
Investment Employment Output Capital Stock
.18172 05932 09005 .12883
35657 14584 21638 29359
44548 20269 .29398 .39090

67240
76821
87931

.38958
.50301
67753

80945



Table 5: Capital Accumulstion Regressions: Full Sample

(standard errors in parentheses)
STDGK MAXGK MAX2GK
Dependent Variable Mean .139 413 529
Plant Size Quintile
Smaliest 0859 .295 JAs54
(.00271) (.00941) (o111
.0478 .186 225
(.00242) (.00340) (.00994)
0307 129 .153
(.00226) " {00TE6) (.00930)
0173 .0750 .0876
(.00215) (.00746) (.00183)
Firm Size Quintile
Smallest 0153 .0389 0461
(.00233) (.00310) (.00938)
0121 0390 L0485
(.00211) {.00732) (-0086T)
.00374 0103 .00884
(00207) (00721) {.00853)
.00619 01546 0158
(-00206) (.00716) (.00%48)
Largeat Omitted Omitted Omitted
Changed 2-Digit Industry 0113 05492 0626
(:00260) (-00903) 0107
Changed Ownership 0104 0473 0561
(.00146) (.00506) (.00559)



Table § Continued: Capital Accumulation Regressions: Full Sample
(standard errors in parentheses)

\
STDGK MAXGK MAX2GK
Cohorts
First Year Last Year
1972 1988 0618 378 508
(.00744) (.0259) (.0306)
1985-87 L0548 310 .408
(.00774) (.0269) (.0318)
1980-84 0409 .183 243
{.00759) (.0264) (0313)
1975-79 0209 0534 0740
(00749) (.0260) (-0308)
1973-76 1988 0608 431 541
{.00739) (.0274) (.0325)
1985-87 03560 302 379
(.0103) (.36 (.0426)
1980-84 0497 142 .169
(.00802) (2™ (.0330)
1975-79 0336 0414 0544
(.00389) (0309 (:0366)
1977-81 1988 0535 3556 4531
(.00779) (@) {0321)
| 1985-87 0497 225 .280
| (00291) (0310) (:0367)
| 1980-84 0532 - .209 290
(.00852) (0296) (331)
1981-85 1988 000807 0489 0762
(.00748) (0260) (.030%)
1985-87 Omitted Omitted Omitted
If in 1963 Census -.0269 -.0972 -119
(.00200) (.00697) (.00825)
Else if in 1967 Census -.01487 -.0563 -.0682
(.00270) (.00930) (o111
R? 192 .155 172
Sample Size=32,359

All regressions include 4-digit industry controls.



Table 6: Capital Accumulation Regressions: Balanced Panel

Dependent Variable Mesn

Plant Size Quintile
Smallest

Firm Size Quintile
Smallest

Growth Rate Quintile
Smallest

If in 1963 Census

Else if in 1967 Census

Changed 2-Digit Industry

Changed Ownership

Rz

(standard errors in parentheses)

STDGE
135

0733
{.00266)
.0406
(.00243)
0253
(00232
0137
(.00219)
Omitted

00255
(00227
00841
(.00213)
00186
(.00212)
00466
(.00209)
Omitted

-.0428
(.00269)
-.0381
(.00233)
-.0323
(.00220)
~.0207
(00ZD3)
Omitted

-.0120
(.00199)

-.00645
(.0025%)

00422
(.00248)

00836
(.00137)

393

MAXGK
461

00893
(.00989)
0329
(.00931)
011
(.00926)
0116
(00914)
Omitted

299
(0116)
.164
(.0106)
.100
(.0101)
0554
(.00954)
Omitted

-.202
(o7
-.180
(0102)
-.152
(-00962)
-.102
(.00973)
Omitted

-.0566
(.00869)
-.0369
(0113)

0292
(0108

0478
(.0059%)

4

MAX2GK
.607

00789
(0120)
0346
(.0113)
0116
(0112)
.0169
(0111)
Omitted

354
(.0140)
.189
(0128)
JA17
(012
0630

(0115)
Omittad

-.295
(0142
-.261
(0123)
-.218
(0116
-.143
(0113)
Omitted

-.0666
(.010%)

-.0430
(.0136)

0311
(.0131)

0575
(00724)

240

Sample Size=13,702. All regressions include Mgithdumyeunmlsmdonnmhfoﬂhnyminwhich

MAXGK occurs.



REFERENCES

Abel, Andrew and Olivier Blanchard, 1986. "The Present Value of Profits and Cyclical
Movements in Investment,” Econometrica 1986: 249-273.

Bailey, Martin, Davnd Campbell and Charles Hulten 1992 Productmty Dynaxmcs m

Bertola, GmseppeandRmrdoCaballcro 1990 *Kinked Adjustment Costs and Aggregate
M3 nomics Annual 1990, O. J. Blanchardands Fischer

Bertola, Giuseppe and Ricardo Caballero, 1991. "Imreversibility and Aggregate
Investment,” NBER Working Paper Series number 3865.

Blanchard, Olivier and Peter Diamond, 1989. "The Beveridge Curve,” Brookings Papers
on Ecopomic Activity, 1:1-60.

Caballer, Ricardo, and Bduardo Engel, 1993. “"Microeconomic Adjustment Hazards and
Aggregate Dynamics®, Quarteriy Journal of Ecopomics, May, 359-384.

Cooper, Russell and John Haltiwanger, 1993, "The Aggregate Implications of Machine
Replacement: Theory and Bvidence,” American Economic Review, June, 360-382,

Davis, Steve and John Haltiwanger, 1992. “Gross Job Creation, Gross Job Destruction,
and Employment Reallocation,” Quarterly Journal of Fconomics, 107, 819-864.

Dixit, Avanish. 1992. *Investment and Hysteresis,” Journal of Economic Perspectives. 6
107-32.

Doms, Mark. 1992. Essays on Capital Bquipment and Energy Technology in the
Manufacturing Sector. Ph.D. Dissertation, University of Wisconsin Madison.

Dunne, Timothy, Mark Roberts and Larry Samuelson. 1989. “Patterns of Firm Entry and
Exit in U.S. Manufacturing Industries,” Rand Journal of Economics 19: 495-515.

Eisner, R. and R. Strotz. 1963. Determinants of Business Investment, in Impacts of
Monetary Policy,, Research Studies Prepared for the Commission on Money and
Credit, Englewodd Cliffs, N.J.: Preatice Hall, pp. 59-236.

Feldstein, M. and M. Rothschild, 1974. “Towards and Economic Theory of Replacement
Investment,” Econometrica, 42:3, May, 393-423.

26



Hamermesh, Daniel, 1993. Labor Demand, Princeton University Press, Princeton New
Jersey.

Hayashi, F. 1982. "Tobin’s Marginal q and Average q: A Neoclassical Interpretation, "
Econometrica, 50:1, 213-224.

Jorgenson, D. 1963. “Capital Theoy and Investment Behavior," American Economic Review,
53:2, May, 247-259, '

Jovanovic, Boyan, 1982. "Selection and the Evolution of Industry,” Econometrica, 50(3),

649-670,
Lambson, Val. 1991. " Evolution with Sunk Costs and Uncertain Market
Conditions,"” Ints 1IDA ndustdal Organization, Vol 9, PE 171-196.

Pakes, Ariel and Richard Ericson , 1989. "Empirical Implications of Altemative Models of
Firm Dynamics," Working Paper no. 8803, SSRI, University of Wisconsin-Madison..

Pindyck, R. 1991. “Irreversibility, Uncertainty, and Investment, " Journal of Economic
Literature, September, 26:3, 1110-1148.

Rothschild, M. 1971. "On the Cost of Adjustment,” Quarterly Journal of Economics,

85:4, November, 605-622.

Rust, John. 1987. "Optimal Replacement of GMC Bus Engines: An Empirical Model of
Harold Zurcher,” Econometrica 55: 999-1034.

Summers, L. *Taxation and Corporate Investment: A q-Theory Approach,” Brookings
Papers on Economic Activity, No. 1 1987, pp: 67-127



Figure 1: Capital Growth Distributions
Unweighted and Weighted
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Figure 2a: Means and Medians of GK by
Rank: 17 Year Sample
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Figure 2b: Mean Investment Shares by GK
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Figure 3a: Means and Medians of GK by
Rank: 7 Year Sample
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Figufe 3b: Mean Investment Shares by GK
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Figure 4: Mean Investment Shares at
Different Levels of Aggregation
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Figure 5. Aggregate Investment
and Frequency of_PIant Spikes
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Herfindahl

Figure 6: Aggregate Investment and
Herfindahl of Investment
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Figure 7: Mean Pre- and Post- Spike

Performance, Full Sample
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